The study was conducted to investigate the impacts of fertilizer application on soil properties in Kaharole upazila of Dinajpur district in Bangladesh. Samples were collected to analyze the variation of soil nutrients in three cropping seasons: season
INTRODUCTION
Fertilizer is considered to be one of the main inputs for increasing crop yields and farm profit for any country but balanced fertilization is the key to efficient fertilizer use for sustainable high yields (Chakrabarty et al., 2014) . Most fertileizers used in agriculture contained three basic plant nutrients: nitrogen (N), phosphorus (P) and potassium (K). Some fertilizers also contain certain micronutrients such as zinc and other metals that are necessary for plant growth (EPA, 2015) . Soil quality mainly depends on the response of soil to different land use systems and management practices, which may often modify the soil properties and hence soil productivity (Gurumurthy et al., 2009) . Excessive use of readily available conventional chemical fertilizers for agricultural land is the main source of surface and ground water contamination (Thomsen et al., 1993) . In the worst cases, soil nutrients drop below critical levels, causing land to become infertile and then abandoned (McArthur and McCord, 2014) . Most soil in Bangladesh have been identified to experince severe deficiency of nutrients like N, P and K. Because of the increasing use of chemical fertilizer on agriculture land, providing changes have occurred on the agriculture yield (Islam and Hossain, 1993) . Indeed the dependency on chemical fertilizers instead of organic fertilizers for crop production is increasing day by day, resulting in the reduction of soil fertility.
All living bacteria inside the soil surface provides potential benefits for cropping but currently the use of chemical fertilizer are playing an important role in the loss of land. There are many factors that contribute to land degradation due to fertilizers (Crawford et al., 2006) . Chemical fertilizers are not normally integrated with organic manures. It is, thus, evident that farmers virtually do not use balanced fertilizers that are necessary for high productivity (Rahman, 2014) .Today, agriculture activities, by using chemical fertilizers creates negatives impacts on soil fertility because of the long-term resistance the ecosystem has on pesticide which results in the loss of beneficial organisms, earthworm, microorganism, and other species (Setboonsarng, 2006) . Under these circumstances the study was conducted in Kaha-role upazila under Dinajpur district where people are not aware about their activities in agricultural lands, and the land is only used for one time cultivation or mono paddy cultivation in that region because of high agricultural density. The farmers are not concerned about the sound soil quality, soil nutrient status and environmental degradation. The objective of the study was as follows: (i) to investigate the properties of soil at different cropping seasons, and (ii) to assess the impacts of fertilizers application on soil nutrient status.
MATERIALS AND METHODS
The study was conducted in the four remote villages namely Chatoli, Mallikpur, Katna and Nirmoliof the Kaharoleupazila under Dinajpur district of Bangladesh. The Kaharole upazila occupies an area of 205.53 km 2 and is located between 25°44' and 25°53' N latitudes and between 88°30' and 88°43' E longitudes. Main crops of the area are paddy, jute, wheat, maize, sugarcane, pulse, potato and oil seed, but Aus paddy is nearly extinct in the area (Banglapedia, 2006) .
A total of 30 soil samples, with a depth of 0-15 cm, were collected in three cropping seasons mentioned as season-1 (Mar-Apr, 2013), season-2 (Aug-Sep, 2013) and season-3 (Jan-Feb, 2014) during the month from January 2013 to February 2014. Simple random sampling procedure was applied and a total of 10 samples were collected in each cropping season from 10 sampling points of Mallikpur (S-1, S-2), Katna (S-3, S-4), Nirmoli (S-7, S-8) and Chatoli (S-5, S-6, S-9, and S-10) villages. Mallikpur, Katna and Nirmoli sampling points were conventionally cultivated soil (CCS) and Chatoli sampling point was organic fertilized soil (OFS), which means 6 samples were collected from CCS and 4 samples were from OFS in each season. To compare the status of soil fertility, both CCS and OFS samples were collected.
In season-1, samples were collected before the application of fertilizers to state the initial status of soil properties in the study area. After collecting the samples in season-1, fertilizers were applied on the land for crop cultivation according to the cultivation methods of local farmers. After harvesting the crop cultivated in season-1, the soils were again sampled at the beginning of season-2 and then fertilizers were applied for crop cultivation in season-2. In similar way, soil samples were collected again at the beginning of season-3 and no fertilizer was applied during this season. The amount of fertilizers applied in season-1 and 2 is given in Table 1 .
The soil samples were placed in a thin layer on a clean piece of paper on a shelf in the room and left until it was air dry. Samples were then ground and passed through a 2 mm stainless steel sieve. Finally, the soil samples were kept in a clean polythene bag for chemical analysis. Jan-Feb, 2014) No fertilizer was applied --
In the study, the pH was measured by Soil pH and Moisture Meter (ZD% PM 0909). The organic matter (OM) content was analyzed titrimetrically according to Walkley and Armstrong's wet oxidation method (Walkley and Armstrong, 1934) . Total nitrogen (N) content was determined by Semi-micro Kjeldahl method. Available phosphorus (P) was extracted from the soil by shaking with 0.03 M NH4F-0.025 M HCl solution at pH <7.0 following the method of Bray and Kurtz (1945) . The samples were read with the help of a spectrometer at 660 nm wave length. Exchangeable potassium (K) in soil was determined by the extraction with ammonium acetate (CH3COONH4; pH = 7.0) by using flame photometer (Black et al., 1965) at the wave length of 766.5 to 769.5 nm. Available sulphur (S) was determined by extracting the soil samples by calcium dihydrogen phosphate ex-traction method. Calcium (Ca) was determined by soil extraction method by NOV AA-300 Atomic Absorption Spectrometer. Zinc (Zn) and Iron (Fe) were determined by DTPA extraction method using NOV AA-300 Atomic Absorption Spectrometer. Boron (B) was determined by CaCl2 extraction method (Petersen, 2002) .
RESULTS AND DISCUSSION
The study found that the soil pH was ranged from 5. 30-6.65, 5.20-6.50 and 5.07-6 .95 in season-1, 2 and 3, respectively (Figure 1 ).The average soil pH was found 5.81, 5.58 and 5.56 in season-1, 2 and 3, respectively. All kinds of crops are grown well in the range of 5.60 -7.30, because all types of essential nutrients are available in this range but hampered in lower pH (SRDI, 2005) . Plants grown in acid soils can experience a variety of symptoms including manganese (Mn) toxicity as well as nutrient deficiencies (Brady and Weil, 2002) . The result of the study revealed that soil pH is decreasing gradually due to fertilizer application in the study area. However, the soil pH of the study area remains suitable for paddy and other types of crop cultivation.
The organic matter (OM) content was ranged from 0.85-1.30, 0.65-1.65 and 0.72-1.53% in season-1, 2 and 3, respectively (Figure 2) . Cooperband (2002) found that soil contains about 1-6% OM was suitable for crop cultivation, while BARC (2005) revealed that a good soil should have at least 2.5% OM. The study revealed that the soil of the study area contained less amount of OM, which may hamper the regular crop production in near future. The average OM was observed 1.083, 1.047 and 0.979% in season-1, 2 and 3, respectively. According to Jahiruddin and Satter (2010) , OM content in Bangladesh soils is in decreasing trend. Similar trend was also observed in the study area, though OFS samples exhibiting compar-atively higher OM content in the end of season-3 (Figure 2 ). Steady supply of OM is, therefore, essential in the study area to maintain soil fertility because it is the key factor in maintaining long term soil fertility.
The total nitrogen (N) content was ranged from 0.06-0. total N content in soil is being less when the pH is less than 6 and higher than 8, that is, total N in soil is being available when the soil pH range from 6-8 (SRDI, 2005). The study exhibited the similar pattern of correlation between observed soil pH and total N content in the study area. The average total N content was found 0.09, 0.11 and 0.09% in season-1, 2 and 3, respectively, which indicated that the study area was in critical stage because the standard level of total N in soil is 0.32% and the critical value was 0.12% (BARC, 2005) . The total N content in OFS remains higher than that of in CCS after season-3 because OM is one of the important source of nitrogen in the soil and concentration of total N in organic fertilizer ranged from 1.15-1.76% (Anggria et al., 2012) . Thus, it is recommended to use organic fertilizer in the study area as much as possible to avail the N as well as OM in the soil.
The exchangeable potassium (K) content in the experimental area ranged from 0.07-0.30, 0.08-0.25 and 0.09-0.27 meq 100g -1 in season-1, 2 and 3, respectively (Figure 4) .The average value of K content was found 0.150, 0.136 and 0.141 meq 100g -1 in season-1, 2 and 3, respectively. In the lower pH (>6), the availability of exchangeable K is decreased (SRDI, 2005) , which supports the findings of the present study. Wang and Huang (2001) depicted that soil OM is one of the most important cation exchange capacity contributors in soil systems and the addition of OM in agricultural land resulted in the increase of K concentration in soil. The result depicted that the level of K in CCS is relatively lower than the OFS in the end of season-3 (Figure 4 ). The exchangeable Ca content was ranged from 2.16-5.04, 1.86-5.75 and 1.98-5.56 meq 100g -1 in season-1, 2 and 3, respectively. According to BARC (2005) , the ideal value of Ca for crop cultivation is 5.25 meq 100g -1 , when the critical value is 2 meq 100g -1 . The average calcium (Ca) content was found 4.05, 3.897 and 3.762 meq 100g -1 in season-1, 2 and 3, respectively. The results of the study depicted that OFS contains higher level of Ca than CCS except few points in all three seasons ( Figure 5 ). The availability of exchangeable Ca content is increased within a pH of 6-8 but below 6 and above 8, the availability Ca is decreased (SRDI, 2005) . Similar correlation is also obvious from the present study.
The observed available sulphur (S) content in season-1, 2 and 3 was ranged from 23. 45-34.05, 21.28-31.8 and 20.7-31 .35 µg g -1 , respectively, while the average value of available S content was found 27.79, 25.76, 24.29 µg g -1 , respectively ( Figure 6 ). The standard value of available S for crop cultivation is 31.5 µg g -1 and the critical value is 10 µg g -1 (BARC, 2005) . Portch and Islam (1984) reported that 68% soils of Bangladesh contained S below critical level and 14% below the optimum level. The result revealed that most of the samples contained the lower level of S than the standard value but not critical in different cropping seasons. Only two OFS sites showed optimum level of available S content in all three seasons because S deficiency is less when OM added in soil due mineralization of S from organic matter. The study clearly depicted that the application of fertilizer gradually decreases the availability of Ca and available S contents in the soil.
The available phosphorus (P) content was ranged from 15. 95-21.6, 12.65-20.75 and 14.65-20 .25 µg g -1 in season-1, 2 and 3, respectively (Figure 7) . BARC (2005) reported that available P status of Bangladesh varies ranging from very low (<7.5 µg g -1 ) to very high (>37.5 µg g -1 ), while most of the soil P status falls between low (7.5-15.0 µg g -1 ) and medium (15.1-22.5 µg g -1 ). In the lower pH, the availability of P is reduced due to the presence of Fe and the P is replaced by Fe (SRDI, 2005) . BARC (2005) reported that the standard level of P for crop cultivation was 21 µg g -1 when the critical value was 5 µg g -1 . The result depicted that the higher amount of average available P was observed in season-1 though lower than the standard level but the critical value. The variation in available P level from season-1 to season-3 was relatively less in OFS than CCS; because of natural decomposition of OM in soil provides increasing concentration of P in farm land (Brussaard, 1994) .
The iron (Fe) content was ranged from 37. 74-85.7, 31.65-77.5 and 30.5-71 .1 µg g -1 in season-1, 2 and 3, respectively, while the average value of Fe content was found 56.38, 49.05 and 49.0 µg g -1 , respectively (Figure 8 ). The suitable Fe content in soil for crop production is 9.1-12.0 µg g -1 (SRDI, 2001) . SRDI (2005) Sampling points pH level reduces the availability of Fe in soil and in lower pH (< 6.0) the level of Fe is increased.
Since the result of the study showed a lower pH in all samples, the higher concentration of Fe was found in soil. However, in case of OFS, the level of the Fe reduced because of the increased pH (> 6.0) found in the OFS (Figure 1) . Thus, the study revealed that the concentration of Fe is lower in the OFS than the concentration in CCS. Sampling points µg g -1 when the critical value is 0.2 µg g -1 (BARC, 2005) . The most B deficient areas are Dinajpur, Rangpur, Bogra, Sirajgonj, Comilla and Sylhet (SRDI, 2005) . All of the samples except two OFS sites (S-9 and S-10) represented the lower concentration of B in soil in all three cropping seasons ( Figure 10 ). The availability of increased concentration of B in OFS may be due to the continuous application of organic fertilizer in soil (Lucas and Davis, 1961) .
CONCLUSION
The study concluded that the application of fertilizers in different cropping seasons negatively affects the soil properties as well as nutrient status of the study area. The study revealed acidic soil pH in all cropping seasons and the acidity of soil is increasing gradually. Higher amount of soil nutrients (N, K, Ca, Mg, S, P, Zn and B) including OM was observed in season-1, whereas the lowest was observed in season-3 except Fe and Zn which clearly depicted the impacts of fertilizer application. Nevertheless, less impact was observed in OFS which contains relatively higher amount of soil nutrients than CCS. The study, therefore, recommended that optimum use of organic fertilizer can make the study area soil suitable for better crop productivity.
